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The  view  is  held  that  bacterial  injections  cause  a  decrease  in 
the  antibody  content  of the  blood of man  and  the  lower  animals. 1 
This belief is largely based on the work of Wright in connection with 
various forms of bacterial  inoculation.  Wright s contends that every 
process of immunization produces a sequence of negative and positive 
phases,  and hence  that  repeated inoculation may give rise to  a  mul- 
tiple  of such  sequences.  This  phenomenon  is  of particular  interest 
in connection with prophylactic typhoid vaccination and in the treat- 
ment of cases of typhoid fever with intravenous injection of typhoid 
bacilli or their products. 
In the course of a study of native and acquired immunity of rabbits 
to typhoid bacilli,  including  the fate of the bacilli when injected in- 
travenously,  3 certain  observations  were  made which threw doubt on 
the  action  of  the  negative  phase  as  expressed  above.  These  inci- 
dental  observations  have  now been  extended  and  the  complete  re- 
sults are reported in this paper. 
Technique. 
Immunization  of  Animals.--Rabbits  were  immunized  to  typhoid 
bacilli as follows: 1st day, 0.1 of an agar slant of heat-killed bacilli was 
injected  into  the  peritoneum;  2nd  day,  0.1  of an agar slant of heat- 
killed bacilli  was injected into the vein; 5th day, 0.1 of an agar slant 
x yon Wassermann, A., and Sommerfeld, P., Med. Klin., 1915, xi, 1307. 
2  Wright, A. E., Brit. Med. Jour.,  1903, i, 1069. 
*  Bull, C. G., Jour. Exper. Med., 1915, xxii, 475. 
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of living bacilli was injected into the vein;  7th and  9th  days, repeti- 
tion  of the 5th day treatment.  10 days  after  the last injection  the 
sera gave agglutination  reactions in dilutions varying from 1 : 30,000 
to  1:200,000. 
Antibodies.--The  immune sera were tested for agglutinins,  precipi- 
tins,  opsonins,  complement fixation,  and  bactericidins.  Every reac- 
tion was not, however, carried out with the serum of each rabbit, but 
different groups of rabbits were often used in the different sets of ex- 
periments,  as shown in the individual  tables. 
Agglutinins.--The  fresh sera were diluted with 0.9 per cent sodium 
chloride solution, ranging in strength from 1 in 2 to 1 in 200,000, as the 
individual animals demanded, and one drop of a suspension of typhoid 
bacilli washed from a  24 hour agar slant  (growth covering the entire 
surface of the slant)  with 6 cc. of salt solution, was added to  1 cc. of 
each  dilution.  The  quantity  of bacilli was kept as uniform  as pos- 
sible in the various tests of the same animal's serum, since it is known 
that  the fiter of a  serum depends largely upon the number of bacilli 
present. 4  The tubes were incubated at 37°C. for 2 hours and allowed 
to remain  at room temperature  for 2 hours before the final readings 
were made. 
Complement  Fixation.--=Antigen  was prepared  as follows: Typhoid 
bacilli were grown on plain agar, washed from the agar with salt solu- 
tion,  and freed from particles of the medium by repeated centrifuga- 
tion.  The washed bacillary bodies were  frozen and  thawed  several 
times, dried in vacuum over sulphuric acid, and ground to a  fine pow- 
der in an agate mortar.  1 dg. of the powder was added to 100 cc. of 
salt  solution,  after  which  the  mixture  was shaken  for  several hours 
and  then  passed  through  a  Berkefeld filter.  The  clear  filtrate  was 
used as antigen in both the complement fixation and precipitin  tests. 
It  proved  highly  satisfactory.  From  0.05  to  0.1  cc.  gave  binding 
with 0.04 cc. of immune serum,  while 0.3 cc.  did not bind with nor- 
mal  serum.  A  hen-rabbit hemolytic system and guinea pig comple- 
ment were employed. 
Precipitins.--In  testing for precipitins  0.2  cc.  of  the  antigen  was 
floated  over 0.2  cc.  of the  undiluted  sera  and  the  results  were read 
*  Foerster, 0., Ztschr. f. ttyg. u. Infectionskrankh., 1897, xxiv, 500. CARROLL G.  BULL  421 
after  standing  for  2  hours  at  37°C.  The  appearance  of  a  delicate 
white ring at the plane of contact of serum and antigen was consid- 
ered a  positive reaction.  The reaction was delicate and strictly spe- 
cific.  Filtrates  from  bouillon  cultures  of  the  bacteria  gave  non- 
specific reactions. 
Opsonins.--The  opsonizing  power of  the  sera  was  determined  by 
the  Neufeld method.  Equal  amounts  of serum  dilutions,  bacterial 
suspension,  and  guinea pig leukocytes were mixed and  incubated  for 
2 hours at 37°C.; slides were then made and stained after fixation in 
methyl alcohol with Manson's  stain.  The highest dilution of serum 
in which the degree of  phagocytosis  exceeded the  salt  solution con- 
trol was considered as indicating the opsonic titer of the serum.  This 
test was used more extensively in examining the normal than the im- 
mune  sera.  As  typhoid  bacilli  are  phagocyted in  salt  solution, the 
reactions are less delicate than the other tests employed. 
Bactericidins.--The  bactericidal  capacity  of  the  sera  for typhoid 
bacilli was determined as described below.  5  Bacterial suspensions of 
varying strengths  were prepared  with sterile  salt solution from  a  24 
hour  bouillon culture.  The  suspensions  ranged  from  1 in 10 to 1 in 
1,000,000.  0.05 cc. of the different suspensions was put in small test- 
tubes, and 0.2 cc. of the serum to be tested was added to each tube. 
Care  was  taken  to  prevent  the  bacterial  suspensions from touching 
the sides of the tubes above the level of the sera and thus to escape the 
action of the serum.  The tubes were incubated for 1 hour, and 1 cc. 
of melted agar was added to each tube, and also to a  set of salt solu- 
tion  controls.  After  incubation  the  degree  of  destruction  can  be 
easily determined.  Sterility  of the tubes or a reduction in  the num- 
ber of colonies to  three or four was regarded  as a  positive reaction. 
A mere reduction of colonies is no doubt to be ascribed to agglutina- 
tion.  This  test  was  used  especially  for  the  sera  of  normal  rabbits 
and for rabbits after the first inoculation of bacilli. 
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EXPERIMENTAL. 
Each  type of experiment reported has been performed a  number  of 
times,  but  only a  few  tables illustrating  the  different  classes  will be 
given in detail. 
In Experiment  1  (Table I)  three rabbits having a  high  degree of  immunity 
to typhoid bacilli were used.  A sample of blood was taken from each rabbit, in- 
jections and bleedings were made, and  the sera tested, as indicated in Protocols 
A, B,  and  C  (Table I). 
TABLE  I. 
Rabbit  A. 
Injection.  } of an agar  tube of typhoid bacilli. 
Time of bleeding. 
gglutinins 
recipitins. 
:omplement fixation. 
Before  injectinu.  1 hr.  5 hrs.  24 hrs.  48 hrs. 
50,000  50,000  50,000  50,000  50,000 
+++  +++  +++  +++  +++ 
+++  +++  +++  +++  +++ 
Rabbit  B. 
Injection.  ~ of an agar tube of typhoid  bacilli. 
Time of bleeding. 
Agglutinins  .............. 
Precipitins  ............... 
Complement fixation ..... 
injection.Bef°re  I  lhr"  ]  5hrs'  ......  22hrs.  47hrs.  70hrs. ] 120hm. 
so,ooo  i so,00o i so,o001 so,ooo i so,ooo L  so,ooo 11oo,o00 
+++  I +++L  +++1  +++t  +++L  +++L  +++ 
+++1+++1 +++L +++L +++1 +++/+++ 
Rabbit  C. 
Injection.  ] of an agar tube of typhoid  bacilli. 
Time of bleeding.  48 hrs. 
Agglutinins  ..................... 
Preclpitins  ...................... 
Complement fixation  ............. 
~of~re  I  lh,  I  ,h*~  I  24b*,  I 
so,ooo  I  30,000  I  3o,ooo  I  so,ooo  r 
+++f  +++  I  +++l  +++  I 
+++l  +++S +++1 +++1 
30,000 
+++ 
+++ 
Experiment  1  shows  definitely that  an  intravenous  inoculation  of 
typhoid bacilli causes no reduction in the  concentration of agglutinins, CAmnO~  a.  BULL  423 
precipitins, and degree of complement fixation of the sera of rabbits 
up to time limits of the tests.  This result was surprising.  It was to 
be expected in view of Wright's results that an injection of the homol- 
ogous bacteria would  cause lowering of  the various antibodies.  No 
such reduction was detected. 
The results  of  this  experiment led  to  the performance of a  large 
number of experiments of a similar nature, the number of bacilli  in- 
oculated being varied widely.  It was found that the number of bacilli 
injected did not influence the end result.  Injections were given under 
the skin and into the peritoneum with like results.  Intravenous in- 
oculation of the bacilli from an entire agar slant caused no reduction 
in  the concentration of the antibodies.  Lethal doses of bacilli were 
given and the rabbits  bled while dying, but still  the sera contained 
agglutinins,  precipitins,  and  complement deviating antibodies  in the 
same concentration present before the injections were made.  More- 
over, when sublethal doses were employed, the agglutinins were found 
to be increased at the 48th to the 96th hour after inoculation. 
Natural  and  acquired antibodies  show some points  of difference: 
opsonins  are  thermolabile  (Wright),  bacteriotropins  thermostabile 
(Neufeld);  the  natural agglutinins of rabbits  for typhoid bacilli are 
thermolabile and  disappear  spontaneously within a  few days, while 
the  acquired  agglutinins  are  thermostabile  and  persistent.  Hence, 
it  was  thought  possible  that  the  bacillary injection  might  cause  a 
reduction  in  the  natural  antibodies,  while  the acquired ones migh:~ 
remain  uninfluenced. 
Rabbits  can be  used advantageously for  these experiments,  since 
the  sera  of a  large percentage contain natural opsonins, agglutinins, 
and bactericidal substances for typhoid bacilli.  Representative pro- 
tocols  of  experiments  pertaining  to  the  natural  antibodies  follow 
(Table  II). 
The protocols  of Experiment 2  (Table II) represent three types of 
test.  In one  the number of bacilli  injected  was  sufficient to  cause 
acute intoxication and death in from 1 to 3 hours.  Rabbits A 1 and B 1 
fall in this group.  From 1 to 2 hours after the injections the rabbits 
were in a state of collapse; they showed extreme relaxation, low blood 
pressure,  heavy breathing,  and,  as  a  rule,  diarrhea.  Specimens of 
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TABLE  II. 
Rabbit  A t . 
Date.  3~ime  of bleeding.  Injection.  Opsonins.  Agglutinins.  Remarks. 
1915 
Nov.  17  11.35 a.m. 
11.40 a.m, 
l.IS p.m. 
-~ agar slant 
of typhoid 
bacilli  in 
vein. 
1-3+ 
1-3+ 
1-15+ 
1-20+++  Rabbit  moribund 
when  bled  and 
died immediately 
afterwards. 
Rabbit  B t. 
Date. 
1915 
Nov. 17 
rime  o[ bleeding, 
11.25 a.m. 
11.30 a.m. 
1 p.m. 
Injection. 
Same as 
R~bbit A  t  . 
Op~nins. 
1-6+ 
1-6+ 
Agglutinins. 
1-15+ 
Iq0+++ 
Remarks, 
Blood  taken  from 
heart immediate- 
ly after death. 
Rabbit  O. 
Date. 
1915 
Nov. 19 
"  19 
"  19 
"  19 
"  20 
"  21 
"  22 
rimeof  bleeding. 
10 a.m. 
12m. 
2 p.m. 
$ p.m. 
10 a.m. 
9.30 a.m. 
8 a,m. 
Injection. 
agar slant 
oI typhoid 
bacilli  in 
vein. 
Opsonins. 
1~0+ 
1~0+ 
1-20+ 
1-20+ 
1-24++ 
1-50+ 
Agglutin}n~ 
1-40+ 
1-40++ 
1-40+++ 
1-90+ 
1-90+ 
1-300+ 
Remarks. 
Rabbit found dea< 
and  unclotted 
blood removed 
from heart, 
Blood sterile. 
Heavy breathing; 
collapse;  diar- 
rhea. 
Rabbit very weal~ CARROLL  G.  BULL 
TABLE  II--Continued. 
Rabbit  D 1. 
425 
Date.  Time of bleeding,  Injection.  Opsonlns.  Agglutinins.  Remarks, 
1915 
Nov. 19 
"  19 
"  19 
"  19 
"  20 
"  21 
"  21 
I0 a.m. 
12 m. 
2 p.m. 
5 p.m. 
9 a.m. 
10 a.m. 
11.45 a.m. 
Same as 
Rabbit C~. 
1-12+ 
1-12+ 
1-12+++ 
1-12+++ 
1-16+++ 
1-40+ 
1--40+ 
1-60+ 
1-60+ 
1-80+ 
Collapse;  diarrhea. 
Rabbit  died.  Two  agar  slants  and  one  tube  of  bouillon 
were each inoculated with one loop of heart's blood.  One 
agar tube had  two  colonies,  one  was sterile;  the bouillon 
gave a culture. 
Rabb~  E t. 
Date. 
1915 
Nov. 19 
"  19 
"  19 
"  19 
"  20 
"  21 
"  22 
"  23 
"  24 
"  27 
"  27 
"  27 
"  27 
"  28 
"  29 
1"ime  of bleeding. 
10 a.m. 
10.20 a.m. 
Inj~t~u, 
agar slant 
of typhoid 
bacilli  in 
vein. 
Opsonins. 
1-12+ 
12.20 p.m. 
3.20 p.m. 
10 a.m. 
9 a.m. 
10 a.m. 
10 a.m. 
10 a.m. 
12 m. 
1-12+ 
1-12+ 
1-12+ 
1-12+ 
1-24+ 
1-160+ 
1-160++ 
1-300+ 
12.30 p.m. 
2"30 P'm" 
6 p.m. 
9  a.m. 
9  a.m. 
agar  slant 
of  typhoid 
bacilli  in 
vein. 
1-300+ 
1-300+ 
1-300+ 
1400+ 
Agglutinlns. 
1-30+ 
1-30+ 
1--40+ 
1--40+ 
1-50+ 
1-70+ 
1-200+ 
1-500+ 
1-s,ooo+ 
1-5,000+ 
1-5,000+ 
1-5,000++ 
1-20,000+ 
Remarks. 
Rabbit flaccid. 
Rabbit  in good  con 
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TABLE  II--Concluded. 
Rabbit F 1. 
Date. 
915 
Nv.  19 
19 
20 
21 
22 
22 
22 
22 
24 
Time  of bleeding.I 
2 p.m. 
2.45 p.m. 
5 p.m. 
8.30 a.m. 
9 a.m. 
9 a.m. 
10.15 a.m. 
12.15 p.m. 
3.15 p.m. 
9 a.m. 
Injection. 
agar slant 
of typhoid 
bacilli in 
vein. 
~agarslant 
of typhoid 
bacilli in 
vein. 
Opsonins. 
1-12+++ 
1-16+ 
1-12+ 
1-20+ 
1-40++ 
1-40++ 
1-40++ 
1-60+'+++ 
Agglutinins.  Remarks. 
1-40+ 
1-60+ 
1-60+ 
1-120+ 
1-280+ 
1-280+ 
1-280+ 
1-400+  Rabbit in good con 
dition. 
after death and compared for opsonins and agglutinins with the blood 
taken before the injection.  The sera obtained subsequent to the ad- 
ministration  of the bacilli agglutinated  the bacilli more actively and 
in higher  dilutions  than  those taken  before the  bacilli were injected. 
A  few  exceptions  were  noted,  but  a  lowering  of  the  agglutinating 
strength  never  occurred.  An  increase  in  opsonizing power was not 
observed; no  difference could be detected  between  the  sera  in  this 
respect before and after inoculation.  This fact is probably due to the 
circumstance  that  the opsonic reaction is less delicate than the agglu- 
tination test. 
In another  series, represented  by Rabbits C 1 and D 1, fewer bacilli 
were injected and the rabbits succumbed in from 1 to 3 days to a more 
chronic  intoxication.  The  chief  symptoms  noted  were  emaciation, 
anemia,  and  loss of  appetite.  At  autopsy, the  blood was  sterile or 
contained  very few  bacilli.  The  sera  frequently  showed  an  initia] 
increase  in  agglutinating  power  a  few hours  after  the  inoculation, 
and  then a  steady increase in from 24 to 48 hours and continuing up 
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In the case of Rabbit C  1, the serum obtained before the bacilli were 
given showed agglutination in a dilution of 1 in 40, while at about the 
72nd  hour  the  reaction was present  in  a  dilution of  1:300.  This 
rabbit  was  markedly anemic;  no  increase in opsonizing power was 
detected until 24 or 48 hours after the inoculation, at which time an 
increase was evident. 
A third group is represented by Rabbits E 1 and F 1,  Here repeated 
sublethal inoculations were made.  The first injections were followed 
by results similar to those in  Rabbits  C  1 and D1; namely, an initial 
increase in agglutinins and a  gradual rise in opsonins and agglutinins 
from the 24th to the 48th hour on.  The second injections were fol- 
lowed by a marked increase in both opsonins and agglutinins, begin- 
ning at the 24th to the 48th hour without any intervening negative 
phase. 
A  separate group of rabbits was used for the bactericidal tests, as 
it was often difficult to obtain enough blood from one rabbit at the 
various bleedings for all the tests.  Protocols representing these ex- 
periments are tabulated in Table III. 
The results of Experiment 3 (Table III) show a  marked increase in 
the bacteriddal power of the sera obtained from the blood taken at 
short and frequent intervals after the bacilli were inoculated.  Five- 
or tenfold increase was noted 3 hours after the injection, and the in- 
crease was still greater at the expiration of 24 hours.  The control, 
Rabbit  C ", was used  to  determine whether the variations observed 
with the  sera from the inoculated rabbits were due to the different 
ages of the sera at the time of the tests, for they were from 1 to 24 
hours  old  when  tested.  The  results  obtained  suggest  rather  that 
remaining on the clot over night increases the bacteriddal power of 
the sera.  At least it may be said that the age of the sera was not 
the cause of the effects obtained.  It is  also  evident  that  the  sera 
of different rabbits vary considerably in bactericidal as  they do in 
opsonic  and  agglutinating  capadty.  The  increase  in  bacteriddal 
power is not  so  pronounced  when  fewer  bacilli  are  inoculated; ~ 
or ~  of an  agar  slant  caused  only  a  slight  increase.  It  appears 
that a severe intoxication is necessary to cause this mobilization of the 
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TABLE  III. 
Rabbit  A  s. 
Injection.  Time of bleeding and injection.  ,  Serum.  No. of bacilli killed. 
~a agar slant in vein.  Before  injection. 
3 hrs. after  " 
5  tc  ~  c~ 
24  "  "  " 
GC. 
0.2 
0.2 
0.2 
0.2 
100 
10,000 
I0,000 
1,000,000 
Rabbit  B ~. 
Injectlon.  No. of bacilli killed. 
agar slant in vein. 
Time oI bleeding and injection.  Serum. 
CO. 
Before injection.  0.2 
3 hrs. after  "  0.2 
5  "  ,,  ,c  0.2 
This rabbit died  5¼  hrs.  after injection. 
10,000 
50,000 
1,000,000 
Rabbit  C ~. 
Injections.  Time of bleeding and injection.  Serum.  No. of bacilli killed. 
CO. 
No injection.  Blood taken when the other 
rabbits were bled and test- 
ed at the same time. 
Before injection. 
3 hrs. after  " 
24  "  "  " 
0.2 
0.2 
0.2 
0.2 
1,000,000 
1,000,000 
I00,000 
100,000 
DISCUSSION. 
The data presented in this paper show conclusively that inoculation 
of typhoid bacilli  causes no  reduction in  the  concentrations of  the 
natural  or  acquired  antibodies  present within the blood.  Notwith- 
standing  the fact that  a  decrease  was  expected, it  was found  that 
neither  subcutaneous nor intraperitoneal nor  intravenous injections 
sufficed to bring about the negative phase of Wright.  It might have 
been supposed that large intravenous injections would remove the anti- CARROLL  O.  BULL  429 
bodies from the blood as large quantities of cultures do from the serum 
in  vitro;  but no  such effect was  detected.  This result may receive 
partial explanation from the fact that bacteria are quickly removed 
from the circulation through agglutination and accumulation in  the 
organs and tissues, 8 but obviously the quantity of agglutinin thus en- 
gaged affects but little the whole quantity present. 
Attention is especially drawn to  the fact not only of the absence 
of the negative phase, but to the actual increase of the natural anti- 
bodies  following  the  intravenous  inoculations  of  the  bacilli.  The 
time required--from 1 to 3 hours--for the increase to become mani- 
fest is  obviously too  short for actual production to  occur; the only 
alternative seems, therefore, a  mobilization of preformed antibodies 
from the internal organs.  Just what the source of the mobilized anti- 
bodies is has not been determined.  The inoculations cause extensive 
destruction of leukocytes; but whether their disintegration liberates 
the antibodies  cannot be  stated.  It  is  convenient to  imagine that 
the beneficial effects said to follow the treatment of typhoid fever by 
means  of  the  intravenous  injection  of  specially  prepared  typhoid 
bacilli may be ascribed to this rapid mobilization of antibodies. 
SUMMARY. 
The  subcutaneous,  intrapefitoneal,  or  intravenous  inoculation  of 
cultures of typhoid bacilli did not cause, as far as could be determined, 
a decrease in the antibody content of the blood serum of the rabbit. 
On the other hand,  the intravenous inoculation of typhoid bacilli 
causes  a  rapid  mobilization  of  normal  antibodies,  thus  increasing 
their concentration in  the blood,  to be followed somewhat later,  as 
m  the other forms of inoculation, by the production of so called ac- 
quired antibodies. 
No such condition as the negative phase of Wright was discovered, 
although especially looked for in the experiments. 
I  am indebted to Miss Ida W. Pritchett for technical assistance in 
connection with the above study. 
6 Bull, C. G., Jour. Exper. Mexl., 1915, xxii, 475. 